A variety of N-substituted pyrroles have been prepared by reacting 2,5-hexadione with amines or diamines in the presence of iron (III) phosphate at room temperature under solvent-free conditions. The experiment protocol features simple operations, and the products are isolated in high yields (88-99%).
INTRODUCTION
Substitution at nitrogen in the pyrrole ring has proved the significance of the pyrrole nucleus in various biological activities as analgesic 1, 2 , CNS depressant 3 , antifungal 4 , antimycobacterial 5, 6 , anticancer 7, 8 , anticonvulsant 9, 10 and anti HIV 11 activities. Consequently, many methods for the synthesis of diversely substituted pyrroles have been developed such as montmorillonite, KSF 12 , microwave irradiation 13, 14 , Bi(NO 3 ) 3 .5H 2 O 15 , Sc(OTf) 3 16 , TolSO 3 H 17 , layered zirconium phosphate and zirconium sulfophenyl phosphonate 18 , titanium 19 or TiCl 4 /Et 3 N 20 . Some of other methods for synthesis of pyrroles include: conjugate addition reactions 21 , annulation reactions 22, 23 , multicomponent reactions 24, 25 and aza-Wittig reactions 26 . However, several of these methods require prolonged reaction times, use of volatile organic solvents and toxic metals. Thus a milder, selective, non-hazardous, inexpensive, recyclable and eco-friendly catalyst is still in demand.
During the recent years, the use of reusable heterogeneous catalysts has received considerable importance in organic synthesis because of their environmental, economical and industrial aspects. The development of efficient methods using recoverable and reusable catalysts is an important goal in organic synthesis. Up to now, several reusable and heterogeneous catalysts have been designed and used. One useful example of reusable heterogeneous catalysts is iron (III) phosphate, which has been widely studied in few recent years 27 . Also, one of the most common approaches to pyrroles synthesis is the PaalKnorr reaction in which 1,4-dicarbonyl compounds are converted to pyrroles in the presence of primary amines. In this communications, we wish to report an efficient, mild and green route for the Paal-Knorr synthesis of N-substituted pyrroles using 1,4-dicarbonyl compounds and amines in the present of FePO 4 as a green and reusable catalyst (Scheme 1).
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To study this condensation reaction using the catalytic amount of FePO 4 , we examined the reaction yields involving of 4-chloroaniline, 2,5-hexanedione and FePO 4 to afford the product under solvent-free conditions at room temperature ( Table 2 ). As listed in Table 2 , the best results were obtained at 10 mol% of the catalyst under solvent-free condition and gave 1-(4-chlorophenyl)-2,5-dimethyl-1H-pyrrol. The catalyst played a crucial role in the success of the reaction in terms of time and the yields. In the absence of the catalyst, the reaction could be carried out but the product was obtained in very low yield (10%) after 48 h. To generalize this optimized reaction, variety of amines were coupled with hexan-2,5-dione in the presence of a catalytic amount of FePO 4 at room temperature in order to give the corresponding pyrroles in excellent yields ( Table 3 ). The less basic aromatic amines require only slightly more time than the more basic amino compounds, and both lead to high yields of the pyrrole products. As shown in Table 3 , aromatic amines with electron-donating groups or electron-withdrawing group are both effective in the Paal-Knorr reaction.
To show the merits of this catalytic method in comparison with those of reported protocols, we compiled the results of the formation of 1-phenyl))-2,5-dimethyl-1H-pyrrol (Entry 1, Table 3 ) in the presence of a variety of catalysts. From the results given in Table 4 , the advantages of our method are evident, regarding the catalyst amounts which are very important in chemical industry especially when it is combined with easy separation besides in silica sulfuric acid 28 .
The suggested mechanism of FePO 4 -catalyzed transformation is shown in Scheme 2. At the first, the carbonyl group of diketone is activated by 
RESULTS AND DISCUSSION
To optimize the reaction conditions, reaction of 4-chloroaniline, 2,5-hexanedione and FePO 4 was conducted in the presence of various solvents. We examined the effect of different solvents such as H 2 O, CH 2 Cl 2 and EtOH in the presence of FePO 4 on a model reaction at room temperature. The results were shown in Table 1 . The reaction without solvent gave the best result. 
EXPERIMENTAL
Melting points were measured by using the capillary tube method with an electro thermal 9200 apparatus. IR spectra were recorded on Bruker FT-IR spectrometer did scanning between 4000-400 cm -1 . 1 HNMR spectra were obtained on Bruker DRX-500MHz NMR instrument. GC/Mass spectra were recorded on an Agilent 6890 GC Hp-5 capilary 30m × 530µm × 1.5 µm nominal operating at 70 eV.
Synthesis of N-substituted pyrroles using iron (III) phosphate. General procedure.
A solution of amine (1mmol), 2,5-hexanedione (1mmol) and FePO 4 (10 mol%) was stirred under solvent-free condition and at room temperature. The progress of the reaction was followed by TLC. After completion of the reaction, ethanol (10 ml) was added and the catalyst was removed by filtration. Evaporation of the solvent under reduced pressure gave the products.
To evaluate of reusability of the catalyst, in case of (entry 1, Table 3 ), removed catalyst was washed with CH 2 Cl 2 (15 ml), dried at 60 °C and was subjected for three runs. Results were yielded in 95, 93, 90 %.
Physical and spectra data 2,5-Dimethyl-1-phenyl-1H-pyrrole ( [29] , IR spectrum,n, cm 
CONCLUSION
In conclusion, FePO 4 was found to be mild and effective catalyst for the Paal-Knorr reaction of 2,5-hexandione with aryl amines giving N-substituted pyrroles in good-to-excellent yields. The use of this inexpensive and easily available catalyst under mild conditions, the cleaner reaction and greater selectivity make this protocol practical and economically attractive.
